This paper analyses the impact of internationalization on the innovation performance of 40 countries. Internationalization variables are represented by outward and inward foreign direct investment, and by imports and exports; innovation is proxied with triadic patent applications. We take account of the influence of absorptive capacity -in both a linear and non-linear form -in the relationship between internationalization and innovation. Our results suggest that outward FDI is positively associated with patenting. Countries with high absorptive capacity benefit more, though there are diminishing returns. We find there is a negative association between inward FDI and patenting in countries with low absorptive capacity where FDI may displace local infant activities and stun further development of related local knowledge. We find support for the view that the innovation performance of countries with low absorptive capacity benefits from imports as well as from exports. 
Introduction
The aim of this study is to examine the impact of internationalization on the innovation performance of countries and the role of absorptive capacity in the relationship between internationalization and innovation. The modalities of internationalization considered are: exports, imports, inward and outward foreign direct investment (FDI) . Most of the work in this area has been done at the micro level facilitated by the availability of several firm-level datasets.
1 There have also been some studies linking innovation to internationalization at the macro level. 2 On the whole, a positive impact of internationalization on innovation is reported. In most of these works whether at micro or macro levels, internationalization is represented by one or two modalities only.
As far as we know there are not many studies of a group of countries together that support the existence of a causal relationship from internationalization to innovation for a variety of internationalization modalities. Filippetti, Frenz and Ietto-Gillies (2011) find strong correlations between innovation and several internationalization modalities in a study of 32
European countries. The study concludes that the association between internationalization and innovation is not spurious but likely to be a sign of a causal relationship between internationalization and innovation. The current study builds on that work by deepening the theoretical, empirical and methodological analyses in various directions. This includes an analysis of the impact of absorptive capacity (AC) on the relationship between internationalization and innovation.
For a sample of 40 countries (see Appendix A), we collected measures of: innovation performance; four modalities of internationalization; control variables; and variables relevant 1 See Bernard and Jensen, 1995; Bertschek, 1995; Castellani & Zanfei, 2006; Kimura and Kiyota, 2006; MacGarvie, 2006; Wagner, 2007a and b; Damijan and Kostevc, 2010; Damijan et al., 2010; Lileeva and Trefler, 2010. 2 See Grossman and Helpman, 1991; De Gregorio, 1992; Coe and Helpman, 1995; Borensztein et al. 1998; Keller, 1998; Frankel and Romer, 1999; Funk, 2001; Chang et al., 2013; Connolly, 2003; Keller, 2004; Schneider, 2005. 
The impact of internationalization on innovation
In the last couple of decades there have been many studies devoted to unpicking the role of internationalization, via imports, exports or FDI, on innovation. In the relevant literature, innovation has been measured / proxied by a variety of indicators such as productivity or process and product innovation or patents. Productivity is the measure used most frequently.
Productivity growth and productivity premia between exporters and non-exporters have been used to reach conclusions on the impact of exports on innovation in several works starting with the seminal research by Bernard and Jensen (1995) . However, the relationship between exporting and productivity or innovation in general, could come in a variety of ways.
The first one is self-selection: the more productive/innovative firms become exporters.
Second, the impact of internationalization on innovation could come about via ex-ante strategic behaviour. Firms that plan to become exporters will invest and innovate in preparation for entering foreign markets. A different, third link can come about via the process of learning-by-exporting (LBE). Firms learn from contacts with customers and competitors and, indeed, the effects of customers' R&D may spillover to their foreign sellers (Funk, 2001) . Customers may sometimes suggest changes to the product leading to enhanced knowledge for the seller (Grossman and Helpman, 1991) . Wagner (2007a) , in a meta-analysis of 54 studies related to 34 countries, finds definite evidence of a positive relationship between exporting and innovation proxied by productivity. The evidence relates to all three types of positive relationship between exports and productivity with the third one, learningby-exporting, less strong than the other two.
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It should also be noted that, a growth in exports is likely to increase the scale of production and to generate economies of scale. This sets in motion a virtuous circle in which innovation leads to exports and, via increased scale, to the adoption of new technologies.
3 Similar results emerge from Wagner (2007b ). De Loecker (2007 and Manjon et al. (2012) find support for the learning-by-exporting hypothesis when the model allows a role for past exporting experience. Kaldor (1967: 14) points out the linkages between scale of production and technical change when he writes: "We cannot really separate the effects of economies of large scale which are due to indivisibilities of various kinds (in principle, reversible) from those effects which are due to irreversible improvements in technology associated with a process of expansion." The conclusions and observations of most of the authors cited above -including Kaldor -apply to both micro and macro levels.
Imports facilitate knowledge diffusion across countries in a variety of ways and, in particular, via reverse engineering and via the acquisition of knowledge about the seller's design, production and organizational methods. The relevance of imports for learning is explored in several works. Keller (2004) finds that foreign sources of technology impact on productivity growth. MacGarvie (2006) finds that importing firms are more likely to be influenced by the technology of the country they import from than firms that do not engage in imports from that country. However, imports could also have a negative impact on innovation via the possible negative effect on the scale of domestic production leading to the constraints in the development of local knowledge. Kaldor's remarks above can be applied to a reduction as well as an increase in domestic production due to the effects of trade. In addition, imports may have negative effects on innovation particularly in countries with a poor knowledge and innovation context. 4 Imports may displace not only local infant industries (Chang, 2002) but also local knowledge with negative overall effects particularly if the displacement takes place before any new knowledge acquired from abroad may impact on the country.
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Links between FDI, either outward or inward, and innovation are found in several studies. Regarding inward FDI, Bertschek (1995) , in a sample of German firms, finds that imports and inward FDI have significant positive effects on product and process innovation.
4 Both Schneider (2005) and Keller (2007) 's results point to low impact of imports on the innovation performance of developing countries. 5 Several studies have addressed the issue of simultaneous imports and exports and their cumulative effects which could lead to cumulative learning effects (Salomon and Shaver, 2005; Kasahara and Lapham, 2013; Damijan and Kostevic, 2010; Lileeva and Trifler, 2010; Bustos, 2011 Nonetheless, negative effects of inward FDI on innovation are also possible via the cumulative mechanisms described above for imports. Lichtenberg and van Pottelsberghe de la Potterie (1996) following an analysis of 13 countries reject the hypothesis that inward FDI supports technology transfer. A negative impact is reported by Schneider (2005) , Chang et al. (2013) and Connolly (2003) . On the whole, the results are far from clear cut and this is one of the reasons why we shall test the modifying role of absorptive capacity.
There seem to be fewer studies exploring the possible productivity effects of outward FDI on the home country. Nonetheless, the self-selection mechanism by exportersmentioned above -seem to be valid also for this variable and, indeed, in a stronger way (Kimura and Kiyota, 2006) . The very productive firms are often involved in FDI as well as in exports. In fact, exports and FDI tend to be complementary (Cantwell, 1994; UNCTAD, 2002 UNCTAD, , 2013 . 7 Market penetration by one modality -exports or FDI -often paves the way for the other modality. On the supply side, sunk costs in the first modality may support the second one 8 . Moreover, outward FDI is likely to lead to opportunities for learning from other countries.
6 Positive spillover effects of inward FDI are found in De Gregorio (1992); Blomstrom et al. (1999 ), Castellani and Zanfei (2003 Javorcik (2004); Poole (2010) . 7 TNCs are indeed responsible for some 80 percent of world trade (UNCTAD, 2013) . 8 The advantage of exploiting sunk costs is also mentioned in the literature on two-way trade (see note 5).
To understand how FDI -whether outward or inward -may lead to knowledge acquisition and transfer we need to briefly look at the organization of transnational companies (TNCs), the institutions responsible for FDI. 9 . Specifically, the organization of between the TNC's subsidiaries and the local environment in a two-way process, i.e. transfer of knowledge from the local context to the TNC's subsidiary and vice versa; and (b) across countries via the internal networks of the company. 10 The extent to which the TNC's organization facilitates or hinders these knowledge spillover and learning processes partly depends on the degree of centralization in the internal organization of the company (Hedlund and Rolander, 1990) and partly on the degree of embeddedness of the company in the host economy (Granovetter, 1985; Uzzi, 1997) . These issues are of great relevance in countries where TNCs and their activities play a major role, be these countries which are home and/or host to TNCs.
The arguments developed in this section -and indeed the literature results we refer to -point to considerable scope for learning via international activities in the case of all the four internationalization modalities we consider. However, there are other important elements that must be taken into account in terms of expected results. First, as pointed out in the discussion of each modality, other processes -over and above the learning process -may be in operation and in particular the following ones. There may be displacement effects which can be particularly relevant in the case of imports and inward FDI. This means that, in countries at low level of development, local knowledge may be displaced before any new acquisition of knowledge has taken place or before synergies between local and foreign knowledge can be found and exploited. There can also be self-selection mechanisms which reinforce the positive effects of learning processes particularly in the case of exports and outward FDI. Finally, we must allow for the fact that the countries' ability to learn vary considerably. To take account of this we now turn to an analysis of the concept of absorptive capacity (AC) and its possible mediating impact on the effects of internationalization on innovation.
The role of absorptive capacity
For the learning process from international activities to take place and affect innovation performance, two conditions are necessary: there must be spillovers; and the firm, industry, country at the receiving end must possess the necessary absorptive capacity (AC) to capture the spillovers.
There is a large amount of literature on spillover effects including some critical works on the concept and its operationalization (Breschi and Lissoni, 2001 ). The issue of innovation and technology diffusion across countries has been addressed in several empirical studies. Coe and Helpman (1995) consider whether R&D in country A affects productivity growth in countries with which A has trade relationships. 11 Similar studies stress the role of trade patterns in raising productivity levels (Keller, 2000; Funk, 2001) . 12 Others stress the relevance of institutional factors in fostering international R&D spillovers (Coe et al. 2009) or as possible barriers to the absorption of foreign knowledge (Parente and Prescott, 1994; Barbosa and Faria, 2011; Crespo-Cuaresma et al 2004; Rincon-Aznar et al. 2014; Foster-11 The positive conclusion of this work is not always corroborated by later ones (Engelbrecht, 1997) . 12 Nonetheless, the role of trade pattern in international R&D spillovers is questioned by the results in Keller (1998 Cohen and Levinthal -C&L -(1989; However, there are two further elements that must be taken into account. First, the fact that the scope for learning may vary between countries at different levels of development.
Countries at low level of development may learn more because they have more to learn and their catch-up needs are higher. Moreover, the effects of AC may be non-proportional as AC increases (Criscuolo and Narula, 2008) . To the extent that the effects are non-linear we expect AC to have different impact in countries at different levels of AC. Specifically, at very high levels of AC, the scope for learning from other countries may diminish. We, therefore, test for non-linear effects of AC.
We keep an open mind as to whether any of these two elements apply.
In terms of the modifying impact of AC on each of the four internationalization modalities, we can make the following observations and predictions. Regarding exports we have already mentioned the learning-by-exporting function. A country's level of AC is likely to affect its ability to learn via exports. However, the impact may vary according to the level of AC and thus to the overall level of knowledge development in the country. A country with low AC may have more scope for learning from contacts with customers in foreign countries compared to countries with a more advanced knowledge development.
As regards imports, they create scope for learning from foreign products and contacts with foreign suppliers at all levels of a country's development and AC. However, it is possible that countries with low AC may, again, exhibit more scope for learning from contacts with foreign customers.
Regarding inward FDI, countries with high AC might be able to absorb and utilize knowledge present in the country through FDI better than those with low AC. Synergies may develop between foreign knowledge and local knowledge. However, a displacement effectparticularly for economies with very low AC levels -may not be ruled out: local knowledge may be displaced without -or before -the acquisition of foreign knowledge. On the outward FDI side, investing countries may be able to learn more from the host country if their AC is high. However, non-linear effects of AC are possible.
Operationalizing the impact of internationalization on innovation at the macro level
We want to test the proposition that countries' internationalization affects their innovation performance. We work with a sample of 40 countries (listed in Appendix A) which constitute a large spectrum in terms of GDP per capita. All continents, and most regions within them, are represented. Nonetheless, it should be noted that the sample is not representative of the world. Over a third of the countries are from Europe. If Eastern Europe is included, this percentage rises to over 50. In the end, the list of countries was constrained by data availability.
Measuring innovation performance
Innovation is not an easily measurable concept. final output measures related to new products or processes. However, data on this indicator are available only for a limited number of countries and they are few in time. We collected and used data on productivity and patents.
As we saw, many studies rely on productivity increases as an indicator of innovative activities. Innovation is, indeed, likely to lead to increase in productivity, though there may be lags. However, not all changes in productivity can be attributed to innovation; the scale of production may impact on productivity (Kaldor 1967) .
Patents data are easily available, reliable and comparable across countries though they present sectoral bias as their use is less pronounced in some industries, including many service industries.
We computed results for growth in total factor productivity and labour productivity, for PCT applications and triadic patents, but report results of regressions only for triadic patents. 13 We normalize the patents data via population.
Measuring internationalization
The main modalities of internationalization are: trade, both imports and exports, and FDI, both inward and outward. FDI and trade are widely available in a comparable form across countries and over time. In the case of outward and inward FDI, we use stock data which are less volatile from year to year compared with flow data. The trade variables are annual flows.
We normalize these internationalization variables by GDP. Joint ventures, licencing, franchising and cross-countries outsourcing activities are also likely to contribute to a strong relationship between innovation and internationalization. We do not have reliable and comparable data on them for our sample of countries. 14 We are also aware that the movement of skilled human resources across borders can be a major vehicle for knowledge diffusion (Filippetti et al., 2011; Saxenian, 2006) . However, lack of data prevents us from using variables related to this important aspect of internationalization.
Measuring absorptive capacity
13 There are three main types of patent statistics. Patents filed with individual countries' patent offices, international patent applications also referred to as Patent Cooperation Treaty (PCT) applications, and triadic patent families. Both PCT applications and triadic patents tend to be preferred over the use of data on the first type because of more reliable comparability across countries. Triadic patent families are patents filed by the same inventor for the same invention at the European, Japanese and US Patent Office. They are recorded as annual counts for the year of the first application. The reference country is the inventor's country of residence. Conversely, PCT applications are patent applications filed with a patent office under the Patent Cooperation Treaty. Triadic patents, with the higher costs incurred due to the parallel applications to three patent offices, tend to capture higher value inventions aimed at international markets (OECD, 2009) .The results for the regressions not reported in the paper are available via the journal's website and can be accessed through the 'supplementary data' link. 14 This should not be a major problem in our study because these activities are likely to give scope for FDI and/or trade which we consider.
We see the level, extension and depth of AC as the result of cumulative processes Levinthal, 1990 and . The knowledge and innovation activities of the past matter for the country's present ability to absorb knowledge and innovation: history matters in innovation (Freeman, 1994) . We operationalize the concept of AC via three different sets of macro level indicators. They are related to: (a) the knowledge context; (b) the physical infrastructure that supports connectivity; and (c) the human resources infrastructure. 15 The first of these derives from the accumulation of past knowledge and innovation and is linked to the past behaviour of the firm and non-firm sectors as well as to the knowledge infrastructure. In relation to (a) and (c), Crespo-Cuaresma et al. (2004) find that the spillover from R&D are likely to be higher the higher the receiving country's R&D and education levels. With respect to human resources infrastructure (c) all studies dealing with AC recognize its relevance and many use indicators of it as the only or main AC contributor (Abramowitz, 1986; Borensztein et al. 1998; Roper and Love, 2006; Criscuolo and Narula, 2008) . We use the following indicators A further development in our conceptualization is that we use both linear and quadratic relationships between AC and innovation. The thinking behind the inclusion of AC i,t 2 is to allow for different effects of AC in countries at different stages of AC development. As a country approaches the innovation frontier, the knowledge required to increase innovation becomes more complex, thus, requiring larger increases in AC to provoke similar increases in innovation (Criscuolo and Narula, 2008) . With the inclusion of AC 2 , and expecting a negative coefficient, we are testing for diminishing returns of AC in terms of knowledge absorption and innovation.
Taking account of countries' heterogeneity
We employ the following set of control variables in the regressions: the share of value added in services and the share of employment in agriculture. In addition, we also computed the estimations including a variable that measures the output share in high and medium-high tech manufacturing industries to control for the fact that these sectors, at least traditionally, are most likely to patent. The estimations with high and medium-high tech manufacturing as a control variable are based on fewer observations. Table 1 provides an overview of all variables, their unit of measurement and source.
Descriptive statistics and correlations among the variables are in Appendix B. 
Methodology
We shall first introduce two methodologies that we use to take account of AC and then present the model(s) for estimating the relationship between internationalization and innovation.
For the first AC methodology, we group the 40 countries into two mutually exclusive groups using a two-stage clustering technique. The measure of distance is based on all six indicators listed in Table 2 . The number of clusters is determined from within the data. The result is two clusters. 22 countries are classed as low and 18 countries as high AC countries (Appendix A). We run regressions of innovation on internationalization and control variables for each of the two clusters separately. The advantage of this clustering methodology -and the reason why we report on it -is that it allows us to use a wider range of variables (Table 2) in measuring AC; moreover, we have enough observations to be able to cumulate data in accordance with the first of our desired development of the AC concept. The main drawback of the clustering of countries into two mutually exclusive groups is that it substantially lowers the number of countries, and, thus, of observations in the two sets of individual regressions.
This affects the reliability of the estimates as reported in Appendix C. Table 2 . 16 The reduced list contains scientific articles, Internet users, and enrolments in secondary and tertiary education (see Table 3 ).
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The values of the AC variable are factor scores. Table 4 gives the factor loadings, i.e.
the correlations of each individual indicator with the factor, or latent concept, AC. The indicator 'scientific articles' has a 0.57 correlation with AC. Enrolments in secondary education has a very small loading. This is not entirely surprising. It is an indicator denoting skills at too basic a level to impact on AC. We save the scores of AC for each country over the period 1990 to 2008 and use them in the regressions.
16 Appendix A provides the values by country for the AC indicators in Tables 1 and 2 (as well as the grouping of countries in two clusters of high and low AC countries as in methodology 1). 17 We also compute the AC variable with an additional indicator, R&D expenditure. R&D is available over a maximum of 12 instead of the 19 years in our dataset. The results -not presented in the paper -are highly similar to those without the R&D variable and which are presented in the paper.
Tables 2, 3 and 4 here
We now turn to the models linking innovation and internationalization. The basic model relates to our second methodology for taking account of AC. The results are presented in column 1 of Table 5 and Appendix C for the two AC clusters. The model can be described as follows: Internationalization i,t is a vector that combines our four independent variables related to internationalization: countries' FDI outward and inwards stocks and exports and imports.
We include both AC i,t and AC i,t 2 for the reasons explained in Sub-sections 2.3 and 3.3. X i,t is a vector of control variables. a t are year dummies included to account for any shocks and to remove spurious changes in innovation rates linked to business cycles; and u i,t the usual error terms.
From this equation the following problems arise: (a) the inclusion of the lagged dependent variable introduces a problem of autocorrelation; (b) outward FDI and exports are endogenous independent variables; and (c) time-invariant country characteristics may be correlated with the explanatory variables. In this scenario the literature proposes to use a first difference transformation that eliminates the country specific fixed effects, and to instrument the lagged dependent variables as well as the endogenous regressors from within the dataset using past levels of variables (Anderson and Hsaio, 1982; Arellano and Bond, 1991) . The dynamic panel regression is implemented using Stata's xtabond2 command (Roodman, 2009 ). Xtabond2 tests for exogeneity of the instruments and autocorrelation.
The second methodology for taking account of AC involves the use of a continuous AC variable constructed through factor analysis, which is reported in In this second equation, Internationalization i,t *AC i,t and Internationalization i,t *AC 2 i,t are the interaction terms between the four internationalization variables and the AC variable (see Table 5 columns 2-5). A positive and significant coefficient of the interaction between AC and, for example, inward FDI suggests that the higher a country's AC the better able the country is to reap innovation benefits from inward FDI. If this is then coupled with a negative coefficient for Internationalization i,t *AC 2 i,t , it further suggests that, while the positive impact of inward FDI increases with AC, the returns for each additional unit of AC decrease. We include the interaction terms one at a time to avoid correlations between the interaction terms affecting results.
We report the coefficients of the interaction terms also in graphical form. For the graphs the coefficients of the internationalization variables are calculated for all values of AC. This enables a much richer interpretation of the modifying role of AC as explained in Brambor et al. (2006) .
Results
Our main regression results are presented in Table 5 . Before we comment on them we report the following background work. We computed regressions with a total of five dependent variables that proxy the innovation performance of countries: triadic patent applications; PCT applications; level as well as growth in total factor productivity and labour productivity. The results using PCT applications are similar to those of triadic patents reported in Table 5 . We found less significant and consistent results when we used productivity as the dependent variable. This did not come as a surprise for the reasons elaborated on in Section 2.
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In the following we discuss results for triadic patents only. In Table 5 the results are grouped into five columns. The first column gives the results for regressions without the modifying role of AC and AC 2 . Columns 2 to 5 give results that take account of AC and AC 2 in relation to different internationalization variables. Table 5 here 18 The regressions with the alternative dependent variables are not robust. We further computed regressions with an additional sector control. Results are similar to those reported in Table 5 . On the whole they are less significant, which could be attributed to the much lower number of observations. Finally, we used an alternative AC variable that takes into account countries' R&D. This variable is a more comprehensive measure of AC. The results are highly similar to the once reported here. All the results of the alternative regressions not reported are available via the journals website, and can be accessed through the 'supplementary data' link.
We start by discussing the first column related to model [I] . We find a positive association between outward FDI, exports and patenting, in line with our expectations discussed in Section 2.2. We find a negative association between inward FDI, imports and patenting. In Section 2.2 we argued that both inward FDI and imports might have negative effects particularly in industries and countries with a poor knowledge and innovation context, and, thus, with low AC. FDI may displace local infant knowledge and stun its further development. This model [I] was estimated also separately for two clusters; high and low AC countries. The results are not significant and are reported in Appendix C.
In Columns 2 to 5 of Table 5 Figure 1 here Figure 1 shows that, in order to benefit in terms of innovation from outward FDI, countries require an above average AC score. It further shows that, while the modifying role of AC remains positive up to the maximum value of AC (AC max =2), the benefits that countries reap from increases in AC declines as AC reaches its maximum. In line with our expectations this suggests that countries require a certain threshold of AC to benefit from outward FDI, and, further, that the knowledge diffusion, absorption and translation into innovations becomes more difficult because the required knowledge increases in complexity.
In Column 3 of Table 5 , and in Figure 2 , we test the modifying role of AC in the relationship between inward FDI and innovation. We find that (a) 
Figure 4 here
While a country is at the low AC spectrum its import volumes predict a positive link with innovation. This relationship is significant from minimum scores of AC to almost average AC scores. At average levels and higher, the relationship becomes negative. In other words, high AC countries do not gain innovation benefits via imports.
In both cases, exports and imports, but specifically in the case of imports, countries with low AC reap innovation benefits. One interpretation could be that countries with low AC, which are also countries with lower levels of productivity and innovation, may learn more via importing and via exporting activities because the scope for learning is higher than for countries at high levels of AC.
Summary and conclusions
The main purpose of the study is to assess the impact of internationalization on countries' innovation performance. Most studies that consider the impact of international variables on innovation are conducted at the micro level. Our study is at the macro level and, unlike previous studies; we take account of possible spillover effects and of the ability of firms, sectors and countries to capture them through considering countries' absorptive capacity (AC). We operationalize AC in terms of the following three elements all considered cumulatively: knowledge context (R&D, scientific articles; past patenting activity); physical infrastructure (Internet users); and human resources infrastructure (enrolments in secondary and tertiary education). Moreover, we test for possible non-linear effects of AC.
A sample of 40 countries is selected. Innovation performance is proxied by variables related to patenting activity and to productivity levels and growth. The results of regressions with productivity variables are less significant and consistent and are not reported.
Internationalization variables relate to inward and outward FDI and to exports and imports.
Several control variables are used to take account of diversity between countries.
The overall conclusions on our results can thus be summarized.
 Outward FDI is positively associated with innovation. The knowledge and learning benefits countries reap from outward FDI increases with the level of AC of a country.
There are, however, diminishing returns to the role of AC; i.e. the scope for learning decreases for countries with high AC.
 High AC countries benefit from inward FDI. These benefits do not extend to countries with low AC levels. We see in these results a possible displacement effect taking place in countries with low AC.
 There is support for the learning-by-exporting hypothesis for the low AC countries.
Conversely, high AC countries do not appear to benefit from exporting in terms of knowledge and innovation acquisition.
 Similarly, we find support for the hypothesis that low AC countries reap benefits from imports.
In both the case of imports and exports it appears that countries where the scope for learning is higher -low AC countries -benefit more from internationalization.
There are many limitations to a study of this sort. Firstly, limitations on the side of the dependent variables: our main proxy for innovation performance, patent applications only partially captures innovation performance.
Secondly, there are also limitations deriving from the independent variables. Data availability has constrained our analysis to a consideration of FDI and trade. Other major elements of internationalization such as the cross-country movements of human resources could not be used for lack of data.
Thirdly, there are limitations also on the side of the control variables. The countries in our sample are very heterogeneous. We try to account for this via our control variables and via the range and context of indicators of AC. Data limitations mean that we may only have succeeded partially in this endeavour.
Fourthly, data availability led also to limitations on our operationalization of the AC.
We believe that AC is better operationalized in terms of sets of indicators that take account of the physical, social, human and knowledge infrastructures all considered in terms of stock/cumulative values. However, limitations on the number of observations prevented us from applying this methodology in full. The alternative methodology we applied -via modifying variables -is technically good but we were limited in the number of indicators of AC we could use and we had to use them as flow rather than as cumulative/stock values.
We were always aware that a study of this sort at the macro level would present serious problems. However, the possible impact of internationalization on innovation has relevant implications for macro policy. For this reason we wanted to try and overcome them, or at least take steps in that direction. Our results warrant the effort. No doubt more needs to be done.
From our analysis and results of the combined impact of AC and internationalization the following policy implications derive. FDI contributes to innovation, but mainly, and particularly in the case of countries endowed with AC. In other words, countries who have, shall receive i.e. rip more benefits via learning. Those countries that want to join the league of receivers of knowledge and innovation from FDI, should invest in elements of AC such as -at the basic level -relevant human resources, physical infrastructure, R&D. Pasinetti argues that: "…the primary source of international gains is not mobility of goods, but mobility of knowledge….International learning must therefore remain, for any country, the major and primary aim." (1981, p. 271) . In international relations he therefore advocates "…a shift of focus in our attention from the narrow subject of international trade to the basic problem of lack of international mobility of technical knowledge". (1981, p. 274 ). Pasinetti's focus is trade, while our study includes also inward and outward FDI. However, his overall conclusion is consistent with our results on the impact of internationalization on innovation.
There are policy implications from his conclusions and our findings. If the primary element of gain in international relation is knowledge and innovation, then mobility of knowledge must take priority in policy, whatever its channel, be it trade or FDI or mobility of skilled labour. These conclusions may also have implications for the restriction of knowledge flows.
Legal or policy frameworks that inhibit the dissemination of knowledge may be a hindrance to advancement in both developed and developing economies. This conclusion is supported by the empirical results in Barbosa and Foria (2011) who write: "It appears that intellectual property protection is hindering innovation across EU industries." (p. 1167). 19 Moreover, in his history-based study, Chang (2002: ch. 3B ) highlights how the golden period for the development of the current advanced countries was characterized by very imperfect laws on intellectual property rights (see also Archibugi and Filippetti, 2010) .
19 However, Coe et al. (2009) in their study of the impact of institutions on international R&D spillovers, find that patents protection is associated with high levels of productivity. Note: GDP is measured at current prices and using current exchange rates. The results for the low AC cluster are very similar to those for all countries taken together (Table 5 col. 1). Outward FDI and exports have a positive association with the innovation proxy. Imports have a negative association. While we argued above that such a negative association could be linked to low levels of AC, up to this point our results remain inconclusive. Among the high AC countries imports and inward FDI show a larger, negative, albeit now non-significant, coefficient. However, the regressions are not robust, specifically in the case of the low AC country cluster. The smaller number of countries poses a constraint on the regressions as the number of instruments exceeds the number of countries.
that AC is not a continuous scale variable, but a binary concept that allows forming clusters of countries with relatively comparable, homogeneous AC scores. In reality, this is not the case; within each of the two clusters countries' AC differs and this matters. Not only do the AC scores vary within clusters across countries, they also vary over time, with later years producing higher AC scores within countries. For these reasons we are not too confident on the first methodology.
